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Figure	  1:	  Shown	  on	  the	  le+	  is	  the	  High	  Al1tude	  X-­‐ray	  Detec1on	  Pla<orm	  (HAXDT),	  a	  previous	  high	  al1tude	  
physics	   and	  naviga1on	  experiment	   at	   the	  University	   of	  Minnesota.	   The	  photograph	  on	   the	   right	   is	   of	   the	  
newer	  Gamma	  Ray	  Incidence	  Detector	  (GRID),	  designed	  for	  increased	  sensi1vity	  in	  the	  hard	  X-­‐ray	  to	  gamma	  
band.	  Both	  photographs	  were	  taken	  at	  NASA’s	  Columbia	  Scien1ﬁc	  Ballooning	  Facility	  during	  integra1on	  onto	  
the	  High	  Al1tude	  Student	  Pla<orm	  (HASP)	  built	  by	  the	  Department	  of	  Physics	  and	  Astronomy	  at	  Louisiana	  
State	   University.	   This	   is	   shortly	   before	   the	   vehicle	   is	   launched	   on	   a	   15-­‐20	   hours	   ﬂight	   up	   into	   the	  
thermosphere.	  
Diﬀeren1al	  X-­‐Ray	  and	  Gamma-­‐Ray	  Posi1oning	  System	  for	  Nanosatellites	  
Student	  Researcher:	  Josiah	  DeLange	  	  Advisor:	  Demoz	  Gebre-­‐Egziabher	  
Abstract	  
A	  CubeSat	   is	   a	   type	   of	  miniaturized	   satellite	   for	   space	   research.	  U1liza1on	   of	   a	   simpliﬁed	   infrastructure	  
enables	  a	  low-­‐cost	  pla<orm	  to	  test	  the	  space	  readiness	  of	  new	  hardware	  without	  an	  exorbitant	  amount	  of	  
prohibi1ve	  design.	  One	  of	  the	  areas	  where	  CubeSats	  oﬀer	  promise	  is	   in	  the	  development	  of	  new	  satellite	  
technology	  or	  scien1ﬁc	  instruments	  for	  astronomical	  observa1ons.	  We	  look	  at	  a	  CubeSat	  instrument	  which	  
is	   able	   to	   pick	   up	   gamma	   ray	   bursts	   (GRBs)	   in	   the	   hard	   X-­‐ray	   to	   gamma	   band.	   Implementa1on	   of	   this	  
concept	   requires	  a	  precise	  characteriza1on	  of	   incoming	  photons	  and	  thus	   requires	  energy	  detectors	  well	  
suited	  for	  the	  energy	  range	  of	  interest,	  coupled	  with	  the	  most	  prac1cal	  processing	  electronics.	  A	  compact	  
CubeSat	   photon	   detector	   needs	   to	   be	   able	   to	   record	   ﬂuxes	  with	  minimal	   dead	  1me	   (1me	   spent	   storing	  
informa1on).	  These	  ﬂuxes	  make	  up	  signals	  which	  can	  be	  used	  to	  compute	  a	  posi1on	  of	  the	  CubeSat	  rela1ve	  
to	  other	  CubeSats	  based	  on	  1me	  diﬀerence	  of	  arrival	   (TDOA),	  similar	   to	   the	  opera1on	  of	  GNSS.	  Here	  we	  
show	  the	  eﬀects	  of	  signal	  noise	  on	  naviga1onal	  accuracy,	  and	  show	  how	  a	  simple	  ripple	  counter	  circuit	  can	  
improve	   the	   burst-­‐to-­‐background	   ra1o	   of	   a	   photon-­‐by-­‐photon	   par1cle	   detector.	   The	   high-­‐al1tude	  
ballooning	   team	   aims	   to	   push	   this	   technology	   forward	   and	   provide	   an	   updated	   template	   for	   CubeSat	  
designs	  at	  the	  University	  of	  Minnesota.	  
Background	  
Summary	  of	  prior	  research	  on	  pulsa1ng	  radio	  stars	  (pulsars):	  
•  Stable	  rota1on	  and	  X-­‐ray	  emission	  characteris1cs	  
•  X-­‐ray	  emissions	  detected	  when	  pointed	  at	  observer	  (like	  a	  lighthouse)	  
•  X-­‐ray	  pulsar	  naviga1on	  is	  feasible	  [1-­‐6]	  
•  Able	  to	  achieve	  ﬁve-­‐kilometer	  accuracy	  via	  triangula1on	  
•  Requires	  a	  database	  of	  known	  pulsar	  frequencies	  and	  loca1ons	  
•  There	  are	  over	  1800	  catalogued	  pulsars,	  and	  many	  more	  exist	  
Analysis:	  
ü  X-­‐ray	  telescopes	  can	  be	  made	  much	  lighter	  than	  radio	  naviga1on	  systems	  
ü  Widely	  understood	  to	  be	  rapidly-­‐rota1ng	  neutron	  stars	  with	  stable	  1ming	  from	  emission	  ⤬  Requires	  a	  very	  ﬁne	  resolu1on	  of	  the	  detector’s	  angular	  response	  ⤬  Diﬃcult	  to	  characterize	  angular	  response	  for	  compact	  scin1lla1on	  detectors	  ⤬  High	  noise	  ﬂoor	  in	  the	  X-­‐ray	  band	  
Examples:	  HEAO-­‐1,	  ARGOS,	  ALEXIS,	  SEXTANT,	  and	  HAXDT	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Summary	  of	  prior	  research	  on	  gamma	  ray	  bursts:	  
•  High-­‐energy	  events	  from	  origina1ng	  from	  outside	  the	  galaxy	  
•  First	  picked	  up	  accidentally	  by	  the	  Vela	  satellites	  during	  the	  Cold	  War	  era	  [7,8]	  
•  Brightest	  events	  in	  the	  known	  universe	  and	  typically	  emihng	  radia1on	  in	  the	  gamma	  band	  
•  Can	  be	  picked	  up	  across	  a	  broad	  range	  of	  energies	  as	  well	  (a+erglow,	  etc.)	  
•  Used	  to	  compute	  a	  TDOA	  measurement	  for	  rela1ve	  ranging	  
•  Causes	  of	  these	  explosions	  are	  mostly	  unknown	  (theories	  include	  supernova	  and	  hypernova)	  
•  Analyses	  o+en	  based	  solely	  on	  signal	  similari1es	  
Analysis:	  
ü  Easily	  detected,	  are	  brightest	  events	  in	  the	  galaxy	  
ü  Lower	  noise	  ﬂoor	  in	  the	  gamma	  band	  compared	  to	  X-­‐ray	  band	  
ü  Similar	  instrumenta1on	  to	  X-­‐ray	  detector	  ⤬  Bursts	  vary	  with	  respect	  to	  almost	  every	  property;	  no	  true	  mathema1cal	  model	  ⤬  Poor	  understanding	  of	  progenitors	  of	  GRBs	  and	  few	  exis1ng	  classiﬁca1on	  methods	  
Examples:	  INTEGRAL,	  BATSE,	  FERMI,	  SWIFT,	  and	  GRID	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Results	  and	  Conclusions	  
Data	  gathered	  during	  the	  2015	  HASP	  ﬂight	  indicates	  adjustments	  are	  needed	  to	  the	  detector	  in	  order	  for	  it	  
to	   detect	   high-­‐ﬂux	   events.	   	   Future	  work	  will	   examine	   the	   aspects	   of	   the	   es1ma1on	   theory	   required	   to	  
implement	  a	  GRB	  naviga1on	  es1mator	  [9].	   	  Below	  are	  simulated	  light	  curves	  generated	  by	  each	  detector	  
channel.	   	  Correla1on	  between	  them	  demonstrates	  the	  method	  by	  es1ma1ng	  the	  zero	  sample	  delay.	  The	  
cross	   correla1on	   is	   deﬁned	   in	   [9]	   and	   is	   essen1ally	   detec1ng	   a	   template	   signal	   in	   an	  observed	   signal	   by	  
convolving	  the	  two	  together	  for	  a	  range	  of	  delays.	  The	  value	  within	  this	  range	  where	  the	  cross	  correla1on	  
is	  maximized	   is	   the	  most	   likely	  es1mate	   for	   the	  delay.	   Implementa1on	  of	  a	   correla1on	   receiver	   into	   the	  
instrument	  has	  yet	  to	  be	  realized.	  The	  high	  al1tude	  test	  bed	  of	  the	  HASP	  payload	  was	  used	  to	  prototype	  a	  
gamma	  ray	  burst	  detector,	  and	  used	  to	  generate	  data	  that	  does	  validate	  the	  correla1on	  technique.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Figure	  3:	  Above	  are	  four	  light	  curves	  produced	  ar1ﬁcially	  (le+)	  with	  corresponding	  cross	  correla1ons	  (right)	  
between	  signals.	  Lambdas	  are	  count	  rates	  [9].	  The	  bokom	  two	  plots	  are	  a	  result	  of	  a	  ripple	  counter.	  One	  
curve	   was	   measured,	   which	   was	   used	   to	   generate	   others	   by	   subtrac1ng	   the	   mean	   rate	   and	   adding	  
equivalently	  distributed	  Poisson	  noise.	  
	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Figure	   2:	   Data	   processing	   unit	   for	   the	   nanosatellite	   GRB	   detector.	   The	   A-­‐225	   and	   A-­‐206	   are	   a	   charge-­‐
sensi1ve	  preampliﬁer	  (integrator)	  and	  a	  voltage	  ampliﬁer	  (with	  threshold	  detec1on)	  respec1vely.	  	  
Methods	  
Using	  several	  known	  radioac1ve	  samples	  (obtained	  from	  the	  University	  of	  Minnesota’s	  Physics	  Department)	  
we	  calibrate	  the	   instrument	  to	  a	  known	  energy	  band	  and	  subsequently	  compare	  the	  ambient	  background	  
count	  rates	  at	  the	  detector,	  i.e.,	  with	  the	  sample	  properly	  shielded,	  to	  those	  picked	  up	  by	  the	  detector	  when	  
a	  source	  is	  introduced.	  
	  
•  Cobalt-­‐60	  (1170	  keV,	  1330	  keV	  γ	  emission)	  
•  Cesium-­‐137	  (662	  keV	  γ	  emission)	  
•  Thorium	  decay	  (80	  keV,	  238.63	  keV,	  328.32,	  583.19	  keV,	  911.21	  keV)	  
•  Sensi1vity	  range	  is	  approximately	  90	  keV	  to	  1330	  keV.	  
	  
Light	  Curves:	  
•  Photons	  in	  this	  band	  are	  1mestamped	  by	  the	  data	  processing	  unit	  (100	  millisecond	  processing	  1me)	  
•  Resul1ng	  dataset	  is	  binned	  into	  a	  count	  rate,	  done	  in	  post-­‐processing	  computer	  so+ware	  
•  Alterna1vely	  use	  a	  resekable	  counter	  circuit	  (2	  microseconds	  processing	  1me)	  
•  Resul1ng	  dataset	  is	  a	  count	  rate	  
•  Detected	  photons	  in	  a	  given	  accumula1on	  period	  can	  be	  a	  Poisson-­‐distributed	  random	  variable	  
•  Gives	  model	  for	  background	  “noise”	  
•  Other	   techniques:	   collimators	   to	   ﬁlter	   the	   cosmic	   background	   radia1on	   (some1mes	   this	   is	   more	  
prominent	  then	  the	  gamma	  signals,	  e.g.	  2015	  HASP	  ﬂight)	  
	  
Correla1on:	  
•  Random	  signals	  means	  “brute	  force”	  maximum	  likelihood	  es1ma1on;	  convolve	  and	  ﬁnd	  peak	  
•  Need	  to	  get	  a	  handle	  on	  accuracy	  (i.e.	  variance	  on	  delay	  es1mate)	  
•  Cramer-­‐Rao	  bound	  can	  be	  derived	  for	  periodic	  pulsar	  signals	  [6],	  however	  more	  analysis	  needed	  for	  
gamma	  ray	  burst	  signals	  [9]	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